SUMMARY. Although a handful of published reports suggest that garden-based nutrition education programs are effective in increasing fruit and vegetable consumption, many of these studies have low statistical power because of small sample sizes and lack of long-term data. In this study, we used meta-analytical techniques to examine the efficacy of garden-based nutrition education programs for increasing children's nutrition knowledge, preference for fruit and vegetables, and/or consumption of fruit and vegetables. We confined our analysis to peerreviewed studies that examined programs that were delivered to children in the United States. We looked at the relative impacts of garden-based nutrition education programs, compared with experimental controls (i.e., no nutrition education) and nutrition education programs without a gardening component. We compared the results of our meta-analysis with those of a vote counting analysis to illustrate the importance of repeated studies and quantitative analysis. In our vote counting analysis, the majority of the outcomes were nonsignificant in the control and nutrition education groups, but positive and significant for the gardening group. Our quantitative analysis of the impacts of gardening education programs on children's nutrition knowledge, preference for fruit and vegetables, and/or consumption of fruit and vegetables was limited by the small number of studies that reported the full suite of descriptive statistics needed to conduct a meta-analysis. Nonetheless, one striking and robust result emerged: gardening increased vegetable consumption in children, whereas the impacts of nutrition education programs were marginal or nonsignificant. We suggest two nonmutually exclusive hypotheses to explain our results: gardening increases access to vegetables and gardening decreases children's reluctance to try new foods. Our results suggest that gardening should be an integral component of wellness programs and policies. A historical lack of funding has impeded both the broader adoption of school gardens and rigorous research on the social, behavioral, and academic impacts of gardening on children. Recently, however, there has been an increase in federal support for gardening and garden-based research projects-a trend that we hope will continue and grow.
ADDITIONAL INDEX WORDS. elementary school, middle school, childhood obesity prevention, SNAP-Ed, nutrition education, school garden, vote-counting, literature review SUMMARY. Although a handful of published reports suggest that garden-based nutrition education programs are effective in increasing fruit and vegetable consumption, many of these studies have low statistical power because of small sample sizes and lack of long-term data. In this study, we used meta-analytical techniques to examine the efficacy of garden-based nutrition education programs for increasing children's nutrition knowledge, preference for fruit and vegetables, and/or consumption of fruit and vegetables. We confined our analysis to peerreviewed studies that examined programs that were delivered to children in the United States. We looked at the relative impacts of garden-based nutrition education programs, compared with experimental controls (i.e., no nutrition education) and nutrition education programs without a gardening component. We compared the results of our meta-analysis with those of a vote counting analysis to illustrate the importance of repeated studies and quantitative analysis. In our vote counting analysis, the majority of the outcomes were nonsignificant in the control and nutrition education groups, but positive and significant for the gardening group. Our quantitative analysis of the impacts of gardening education programs on children's nutrition knowledge, preference for fruit and vegetables, and/or consumption of fruit and vegetables was limited by the small number of studies that reported the full suite of descriptive statistics needed to conduct a meta-analysis. Nonetheless, one striking and robust result emerged: gardening increased vegetable consumption in children, whereas the impacts of nutrition education programs were marginal or nonsignificant. We suggest two nonmutually exclusive hypotheses to explain our results: gardening increases access to vegetables and gardening decreases children's reluctance to try new foods. Our results suggest that gardening should be an integral component of wellness programs and policies. A historical lack of funding has impeded both the broader adoption of school gardens and rigorous research on the social, behavioral, and academic impacts of gardening on children. Recently, however, there has been an increase in federal support for gardening and garden-based research projects-a trend that we hope will continue and grow. B ehavioral and dietary lifestyles responsible for weight gain and obesity are often learned at an early age (Cooke, 2007) . Children (particularly adolescents) who are overweight are more likely to be overweight or obese during adulthood (Dietz, 1998) and are at risk for a variety of physical and psychosocial complications during their lifetime (Ebbeling et al., 2002) . Thus, it is troubling that the prevalence of obesity among children and adolescents in the United States has more than doubled between 1963 -65 and 2007 -08 (Ogden and Carroll, 2010 .
Although genetics are known to influence an individual's body mass index (BMI), environmental factors are thought to be largely responsible for rising obesity rates (Ebbeling et al., 2002; French and Stables, 2003) . Creating environments where children are encouraged to be physically active and to choose nutrient-dense foods (such as fruit and vegetables) is thus often the focus of interventions that aim to promote healthy BMI and reduce the risk of childhood obesity (Stice et al., 2006) .
Gardens and other sites of participatory food production are prime sites for such interventions. Gardens, in particular, can be used at a variety of educational sites as ''learning laboratories'' that may positively influence eating habits and increase physical activity in children. Specifically, children's willingness to taste vegetables (Morris et al., 2001) , knowledge of nutrition (Morris et al., 2002) , and preference for fruit and vegetables (Hermann et al., 2006; Lineberger and Zajicek, 2000) have been shown to be positively affected by gardenbased educational activities. These results highlight the potential importance of garden-based activities to support a comprehensive nutrition education program.
Recently, there has been resurgent interest in educational gardens, prompted in part by high-profile calls for a garden in every school (Pollan, 2008) to foster an ''edible education.'' Although educators may support the use of school gardens to promote healthy eating (Graham and Zidenberg-Cherr, 2005) , lack of resources impedes the broader integration of gardens into school activities (Graham et al., 2005) .
To effectively promote healthy eating habits via the use of school gardens, it is important to develop a thorough understanding of the efficacy of garden-based nutrition education programs. Although a handful of individual studies suggest that garden-based, experiential education activities are effective vehicles for increasing fruit and vegetable consumption and promoting healthy food choices in young children, many studies suffer from low statistical power because of small sample sizes and lack of long-term data (Robinson-O'Brien et al., 2009 ). In addition, because there is a practical limit to the number of servings of fruit and vegetables a child can consume per day, researchers studying the impact of school gardens on changes in fruit and vegetable consumption must be able to detect behavioral outcomes that are small in magnitude. Detecting such small changes requires a high degree of statistical power, which is often beyond the capability of a single study.
Meta-analysis offers a solution to the dilemma of low statistical power in individual studies by synthesizing the results of multiple independent studies that test the same hypothesis (Gurevitch and Hedges, 1993) . Specifically, meta-analysis increases statistical power and reduces type II errors and is thus especially useful for summarizing experiments with low sample sizes and/or weak treatment effects (Arnqvist and Wooster, 1995) . An additional benefit of meta-analytical techniques is that they can quantify the magnitude of a treatment effect for individual studies included in the analysis, as well as calculate the overall magnitude and significance of the cumulative effect across all studies examined (Rosenberg et al., 2000) .
We used meta-analytical techniques to test the hypotheses that, over time, participation in an educational garden program would increase students' knowledge of nutrition, increase students' preference for fruit and vegetables, and increase students' consumption of fruit and vegetables. Specifically, we tested the hypothesis that garden-based nutrition education programs have greater impact on measured outcomes (e.g., nutrition knowledge, fruit and vegetable preference, fruit and vegetable consumption) than traditional nutrition education programs.
To illustrate the importance of repeated studies and statistical power to answer these questions, we also present the results of a vote counting analysis. Vote counting synthesizes the results of multiple studies by counting the number of nonsignificant and significant outcomes for a particular question (i.e., do gardenbased nutrition education programs increase vegetable consumption in children?). Together, these methods allowed us to address the relative efficacy of garden-based vs. more traditional nutrition education programs for changing knowledge, attitudes, and behaviors that support healthy weight management.
Materials and methods
LITERATURE REVIEW. We conducted a literature review by systematically searching Google Scholar (Google, Mountain View, CA) for various combinations of the words: intervention, fruit, vegetable, garden, nutrition, consumption, school, and youth. We excluded the significant body of gray literature that exists on these subjects, in the form of reports to funding agencies and working group articles, and concentrated our efforts on peer-reviewed publications. We repeated our search keywords in the PubMed (National Library of Medicine, Bethesda, MD) and Web of Knowledge (Thomson Reuters, New York) databases, as well as in the American Society of Horticultural Science archives. When we found relevant peer-reviewed research studies or reviews (e.g., Delgado-Noguera et al., 2011; French and Stables, 2003; Robinson-O'Brien et al., 2009) , we cross-referenced these articles for additional studies.
We confined our search to those studies that worked with children in kindergarten through grade 12, and that were conducted in the United States. To be included in our review, studies had to report at least one of five response variables: nutrition knowledge, preferences for fruit and/or vegetables, and/or consumption of fruit and/or vegetables.
The treatments within these studies were categorized according to the type of nutrition education program that served as the intervention: ''control,'' ''nutrition education,'' or ''garden.'' Children in a ''control'' group were not exposed to any type of formal nutrition education program. Children in a ''nutrition education'' group participated in a nutrition education program that did not include a gardening component. Children in a ''garden'' group participated in a nutrition education program that also included a gardening component.
Given these restrictions, we assembled a data set of 20 studies that reported 66 observations (i.e., outcomes or results) for nutrition knowledge, fruit and vegetable preference, and/or fruit and vegetable consumption (Table 1) . Even though we restricted our search to studies that were conducted from kindergarten through 12th grade, we only found studies that were conducted with students in kindergarten through grade eight.
DESCRIPTION OF STUDIES. All of the 20 included studies were quasiexperimental, in which the researchers first recruited an educational site (e.g., school, Boys and Girls Club, community garden, etc.) rather than directly recruiting children from across all possible sites. These types of experimental designs are called ''quasi-experimental'' because they lack a key element of randomized experiments: the random assignment of subjects to a treatment category. Only after cooperating sites were identified were students recruited to take part in a study.
Although the majority of studies included a control group that did not participate in a nutrition education and/or gardening program, six studies Hermann et al., 2006; Koch et al., 2006; Lineberger and Zajicek, 2000; Poston et al., 2005; Wright and Rowell, 2010) did not include a control.
The majority of the studies with a nutrition education program focused on increasing the consumption of healthy foods and/or decreasing the consumption of unhealthy foods. Increasing physical activity and/or decreasing sedentary activities were also included as an aspect of many of these programs. In the studies that had a garden treatment, gardening activities (e.g., planting, maintaining, harvesting) were integrated into a nutrition education program. Detailed descriptions of each study included in our analyses can be found in Table 1 .
VOTE-COUNTING ANALYSIS. For the vote-counting analysis, we scored the significance (either positive or negative) or nonsignificance of each observation of a treatment category (e.g., control, nutrition education, and gardening) on a response variable (e.g., nutrition knowledge, preferences for fruit or vegetables, and consumption of fruit or vegetables). Some studies (e.g., Koch et al., 2006; O'Brien and Shoemaker, 2006) reported the effect of a treatment category on the combined preference for fruit and vegetables and/or combined consumption of fruit and vegetables. We included these as separate response categories from preference or consumption of just fruit or just vegetables.
For this analysis, observations within studies were recorded as significant when the probability value was less than or equal to 0.05, regardless of the type I error rate set by the studies' authors. Specifically, we scored the significance of the difference between pretest and posttest scores. If baseline data were not reported, we noted the significance of the difference between a control and treatment group at the end of a study. In our vote counting analysis, we separately considered changes in response variables between pretest and posttest measures from differences in response variables between an intervention (e.g., nutrition education, gardening) and a control.
A significant positive response (+) was recorded when the value of the posttest was significantly greater than the pre-test value or when the value of the treatment group was significantly greater than the control. A significant negative response (-) was recorded when the posttest value was significantly less than the pretest value or when the value of the treatment group was significantly less than the control. Nonsignificant differences (Ø) were also noted. In one case (Baranowski et al., 2000) , we qualitatively assessed the significance by examining reported least squared means and graphical data. In another case (Siega-Riz et al., 2011), we conducted a post hoc analysis of the reported data to determine the significance of the difference between pre-and posttest values, for both the control and the nutrition education treatment.
We counted up the total number of significant positive, negative, and null responses among studies that reported pre-and posttest data, as well as studies that reported differences between control groups and interventions. This allowed us to qualitatively analyze the relative effect of no education, nutrition education, and garden-based education on children's nutrition knowledge, preferences for fruit and/or vegetables, and consumption of fruit and/ or vegetables.
META-ANALYSIS. We used metaanalytical techniques to quantitatively examine the changes in children's nutrition knowledge, preference for fruit and vegetables, and consumption of fruit and vegetables as a function of whether they participated in a nutrition education program or gardening program.
Meta-analytical techniques combine the results of multiple, individual studies to estimate the overall magnitude of the outcome across all studies. This overall outcome is known as an effect size. To calculate the effect size for an individual study, the mean, variance estimate, and sample size are required (Rosenberg et al., 2000) . Thus, although we started with 20 studies and 66 observations in the vote counting analysis and when we removed those studies that did not report descriptive statistics, did not report pre-and posttest data (or the magnitude of the change between preand posttests), or whose data were not on a scale that was comparable to the other observations in our data set, we Studies were found by searching three databases for the keywords: intervention, fruit, vegetable, garden, nutrition, consumption, school, and youth. We confined our search to studies performed in the United States, and with a target age group of kindergarten through grade 12. Data from these studies were used in a vote counting analysis, meta-analysis, or both.
y C = control, NE = nutrition education, G = gardening.
x NK = nutrition knowledge, FP = fruit preference, VP = vegetable preference, FVP = fruit and vegetable preference, FC = fruit consumption, VC = vegetable consumption, FVC = fruit and vegetable consumption.
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D A T A E X T R A C T I O N A N D CALCULATION OF HEDGE'S g
For each treatment category (e.g., control, nutrition education, and gardening) and each response variable (e.g., nutrition knowledge, preferences for fruit or vegetables, consumption of fruit or vegetables), means, standard deviations, and sample sizes were obtained directly from the text or tables. In cases where only the standard error was reported, the standard deviation was calculated by multiplying the standard error by ffiffiffi n p . As necessary, data were transformed so that all observations for a given response variable were on a common scale. For example, data for nutrition knowledge was scaled from 0 to 5. (Hedge's g ) and variance for studies included in our meta-analysis of the effects of nutrition education and gardening programs on children's nutrition knowledge, preference for fruits or vegetables, and/or consumption of fruits or vegetables. These data were used to calculate the cumulative effect size (E DD ) and associated statistics reported in the manuscript. ; where X E is the posttest mean, X C is the control mean, and SD is the pooled standard deviation. y Variances (v g ) for each Hedge's g were separately computed for each comparison:
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• August 2012 22(4) REVIEWS Data for fruit and vegetable preferences was also scaled from 0 to 5. In one study (Siega-Riez et al., 2011) , fruit and vegetable consumption was presented in grams, rather than servings. We used the transformations presented by Morgan et al. (2010) (one serving of vegetables = 75 g, one serving of fruit = 150 g) to convert this data from grams to servings. These scales were chosen because they required the least number of data transformations (i.e., several data sets were already reported on these scales). If data could not be transformed to a common scale, it was excluded from the meta-analysis.
For each observation included in the meta-analysis, an individual effect size (g i ) of a treatment on a response variable was estimated as the standardized mean difference between the pretest and posttest mean:
where X E is the posttest mean, X C is the control mean, and SD is the pooled standard deviation. This effect size metric, known as Hedge's g (Hedges and Olkin, 1985) , was calculated using MetaWinÓ statistical software version 2.0 (Rosenberg et al., 2000) . Variances (v g ) for each Hedge's g were separately computed for each comparison:
where N C and N E are the sample sizes of the pre-and posttest groups.
CALCULATING CUMULATIVE EFFECT SIZES AND CONFIDENCE INTERVALS. To establish the effect of control, nutrition education, and gardening treatments on our response variables, we calculated cumulative effect sizes and confidence intervals (CI) (Gurevitch and Hedges, 1993; Rosenberg et al., 2000) . Once again, all calculations and statistical tests were conducted using the MetaWinÓ software program (Rosenberg et al., 2000) .
The cumulative effect size (E ++ ) (Hedges and Olkin, 1985; Rosenberg et al., 2000) was calculated as:
where g i is the effect size for the ith study, and w i is the weight (reciprocal of the sampling variance) for the ith study. A positive value of E ++ suggests that the treatment had a positive effect on a given response variable, whereas a negative value of E ++ indicates that the treatment had a negative effect on a response variable.
Bias-corrected bootstrapped 95% CI were calculated for each E ++ from resampling tests generated from 999 iterations (Adams et al., 1997; Rosenberg et al., 2000) . When the CI did not bracket zero, E ++ was considered to be significantly different from zero (Rosenberg et al., 2000) .
FAIL-SAFE NUMBERS. As with most reviews, it was difficult to ensure that the sample of studies used in the analysis was representative of all studies that have been conducted. Because studies that yield significant results may be more likely to be published than those with null results, it is important to factor in the ''file drawer problem'' of unpublished studies (Arnqvist and Wooster, 1995) . One of the strengths of meta-analysis is that it offers quantitative methods to assess the magnitude of bias against studies showing a nonsignificant effect.
To address the issue of publication bias, we generated a fail-safe number for each E ++ (Rosenthal, 1979) using the MetaWinÓ software program (Rosenberg et al., 2000) . A fail-safe number represents the number of nonsignificant studies needed in an analysis to change a significant result into a nonsignificant one. Higher the fail-safe numbers confer greater credibility to a significant result.
Results
VOTE COUNTING. For pre-vs. posttest comparisons, qualitative analysis of the vote counting results revealed that the majority of the outcomes (26 out of 39) were nonsignificant (Table 3 ). This pattern held true for the control and nutrition education groups, but not for the gardening group. In fact, the gardening group exhibited the most significant outcomes (8), with increases reported in nutrition knowledge, preference for vegetables, fruit consumption, vegetable consumption, and the combined measure of fruit and vegetable consumption.
When comparing the control group to the nutrition education group or the control group to the garden group, a total of 12 out of 27 of the outcomes were nonsignificant (Table 4 ). In the remaining 15 observations, the measured response variable was always higher in the nutrition education or gardening group, relative to the control group.
Although the gardening group showed more positive significant responses (for pre-and posttest comparisons, as well as compared with the control group) compared Table 3 . Number of observations with significant or nonsignificant outcomes in our vote counting analysis of pre-vs. posttest comparisons, across seven response variables and three treatment groups. z Children in a control group did not participate in a formal nutrition education or gardening program. y Children in a nutrition education group participated in a nutrition education program that did not include a gardening component.
Response variable

Treatment group Control
x Children in a gardening group participated in a nutrition education program that also included a gardening component. w Positive outcomes (+) indicate that posttest values were significantly greater than pretest values, at a probability value of less than or equal to 0.05. v Negative outcomes (-) indicate that posttest values were significantly less than pretest values, at a probability value of less than or equal to 0.05.
u Null outcomes (Ø) indicate no significant difference between pretest and posttest values, at a probability value of less than or equal to 0.05.
with the other groups, the large number of nonsignificant outcomes across all treatment groups made it difficult to interpret this data with confidence.
META-ANALYSIS. Participation in a nutrition education program resulted in a significant increase in nutrition knowledge [E ++ = 0.15, CI = 0.05 to 0.22, df = 1, fail-safe number = 0 (Fig. 1)] . The control group also had a significant increase in nutrition knowledge [E ++ = 0.23, CI = 0.04 to 1.02, df = 2, fail-safe number = 3.4 (Fig. 1)] . However, the gardening treatment experienced no significant increase in nutrition knowledge [E ++ = 0.21, CI = -1.19 to 0.43, df = 2 (Fig. 1)] .
The control treatment exhibited no significant changes in preferences for fruit [E ++ = -0.01, CI = -0.01 to 0.00, df = 1 ( Fig. 2A) ] or vegetables [E ++ = -0.01, CI = -0.05 to 0.11, df = 2 (Fig. 2B) ]. Although the gardening treatment had no significant effect on preferences for fruit [E ++ = -0.02, CI = -0.20 to 0.01, df = 3 ( Fig. 2A)] , it did have a significant effect on vegetable preference [E ++ = 0.10, CI = 0.01 to 0.19, df = 1, fail-safe number = 0 (Fig. 2B) ]. We did not have enough observations to quantify changes in vegetable preference or changes in fruit preference for the nutrition education treatment.
There was no significant impact of the control condition on changes in fruit consumption [E++ = -0.04, CI = -0.24 to 0.003, df = 3 (Fig.  3A) ]. Unexpectedly, there was a marginally significant, negative effect of the nutrition education treatment on changes in fruit consumption [E++ = -0.02, CI = -0.14 to -0.002, df = 2, fail-safe number = 0 (Fig. 3A) ]. The garden treatment resulted in a small, but significant increase in fruit consumption [E ++ = 0.08, CI = 0.02 to 0.12, df = 1, fail-safe number = 0 (Fig. 3A) ].
Neither the control condition [E ++ = -0.03, CI = -0.14 to -0.01, df = 5, fail-safe number = 0 (Fig. 3B) ] nor the nutrition education treatment [E ++ = -0.002, CI = -0.0073 to 0.04, df = 2, fail-safe number = 0; (Fig. 3B) ] had a significant effect on vegetable consumption. However, students participating in a garden-based program significantly increased their vegetable consumption [E ++ = 0.42, CI = 0.07 to 2.07, df = 3, fail-safe number = 50.5 (Fig. 3B) ].
Discussion
The vote counting analysis suggested that participation in a nutrition education program leads to an increase in nutrition knowledge. However, positive attitudinal (e.g., increased preference for fruit or vegetables) and behavioral changes (e.g., increased fruit or vegetable consumption) were primarily documented in the gardening programs.
Our meta-analysis documented some interesting outcomes. However, small sample sizes (ranging from two to six observations per analysis) at times limited our ability to draw inferences from the data. Specifically, where significant outcomes were found, they were often small in magnitude and vulnerable to charges of publication bias. For example, although we documented changes in nutrition knowledge within the (-) indicate that the nutrition education or gardening group was significantly less than the control. u Null outcomes (Ø) indicate no significant difference between the nutrition education or gardening group and the control. Fig. 1 . Impact of control, nutrition education, and gardening treatments on changes in nutrition knowledge. Plotted points are the cumulative effect size (E DD ), and bars represent upper and lower bias-corrected bootstrapped 95% confidence intervals (CIs). E ++ was calculated as:
wi; where g i is the effect size for the ith study, and w i is the weight (reciprocal of the sampling variance) for the ith study. CIs were calculated for each E ++ from resampling tests generated from 999 iterations. When a CI intersects the zero line, the impact of a treatment is nonsignificant. Significant outcomes are marked with an asterisk (*). nutrition education treatment, the small effect size (E ++ = 0.15) and small fail-safe number (0) suggests that this result should be interpreted with a degree of skepticism. We also documented a significant change in nutrition knowledge in the control group. The effect size for this pre-vs. posttest comparison was higher in magnitude (E ++ = 0.23) and of greater credibility (fail-safe number = 3.4) compared to the result for the nutrition education group. Together, these results suggest that our meta-analysis of changes in nutrition knowledge may have been influenced by publication bias toward studies that report significant results and/or developmental changes in children's nutrition knowledge, over time.
Similarly, the small effect sizes and low fail-safe numbers associated with the impact of gardening on preferences for vegetables [E ++ = 0.10, fail-safe number = 0 (Fig. 2B) ] and consumption of fruit [E ++ = 0.08, fail-safe number = 0 (Fig. 3A) ] suggest that these results should also be interpreted with caution. More data are needed to confidently assert that gardening programs increase preferences for vegetables and/or consumption of fruit.
To promote improved and more robust meta-analyses in the future, we encourage school garden researchers to report means, sample sizes, and measures of variance. In addition, we encourage researchers to report results using the common currency of servings of fruit and servings of vegetables. One especially well-designed and executed study (Gortmaker et al., 1999) reported a combined measure of servings of fruit and vegetables.
However, since it was the only study to report servings of fruit and vegetables, combined, we excluded it from our analysis since the data were not comparable to the larger data set.
In several regards, the result of the gardening treatment on vegetable consumption is the most robust result to come out of this meta-analysis. First, the effect size associated with the effect of gardening programs on vegetable consumption (E ++ = 0.42) can be classified as a moderate effect (Cohen, 1962) . In addition, the large fail-safe number (50.5) suggests that more than 50 additional, nonsignificant studies would have to be added to this data set to change the impact of gardening on vegetable consumption from significant to nonsignificant. By comparison, there were no significant, positive changes in fruit or vegetable consumption for the nutrition education treatment. Because participation in a garden-based educational program increases consumption of vegetables, public health and nutrition education programs would benefit from including gardening as a featured component of wellness programs and policies.
Although most of the studies did not detail what they grew in their gardens, it is reasonable to assume that the focus was on growing vegetables, rather than on fruit (in this context, we are referring to culinary fruit and not botanical fruit). Thus, it is not surprising that the most robust result of this study was the increase in vegetable consumption in children participating in a gardening program. This group's increase in fruit consumption, by comparison, was smaller.
We suggest two nonmutually exclusive hypotheses that might explain why gardening might promote greater vegetable consumption in children. First, gardening provides children with increased access to vegetables, and this increased access may result in greater consumption. Second, gardening can decrease a child's hesitance to try new foods by exposing children to a broad array of garden-grown vegetables. A study conducted by Birch et al. (1987) found that it takes between 10 and 15 exposures to a new food before a child will accept this new food into their diet. Of these 10-15 exposures, at least one has to be a taste. However, seeing, touching, planting, growing, and harvesting food are powerful and positive ways to expose children to vegetables or Fig. 2 . Impact of control and gardening treatments on changes in preferences for (A) fruit and (B) vegetables. Sample size limitations precluded an analysis of the impact of the nutrition education treatment on preferences for fruit or vegetables. Plotted points are the cumulative effect size (E DD ), and bars represent upper and lower bias-corrected bootstrapped 95% confidence intervals (CIs). E ++ was calculated as: E DD =+ n i=1 wigi=+ n i=1 wi; where g i is the effect size for the ith study, and w i is the weight (reciprocal of the sampling variance) for the ith study. CIs were calculated for each E DD from resampling tests generated from 999 iterations. When a CI intersects the zero line, the impact of a treatment is nonsignificant. Significant outcomes are marked with an asterisk (*).
fruit that they may not have had much experience with in the past. Coupled with the greater access to garden-grown vegetables, the mere act of gardening has the potential to both encourage and provide for vegetable consumption.
Based upon the results of this meta-analysis, where we found that gardening has a greater impact on vegetable consumption than other nutrition education programs, we advocate for greater funding for rigorous research of the social, behavioral, and academic impacts of school gardens on children. Garden programs have a history of being chronically underfunded (Graham et al., 2005; Phibbs and Relf, 2005) . This lack of funding has impeded both the broader adoption of school gardens and research on the potential social, behavioral, and academic impacts of gardening on children (Phibbs and Relf, 2005) . Relatively few school garden studies have been supported by national grants. This makes it difficult to recruit, study, and track participants in a rigorous experimental study.
Another challenge to nutrition educators and school garden advocates has been working within the guidance of the Supplemental Nutrition Assistance Program Education (SNAP-Ed) program. SNAP-Ed is arguably the most ubiquitous program focused on obesity prevention, with a goal to increase the likelihood that low-income individuals, families, and children ''will make healthy food choices within a limited budget'' [U.S. Department of Agriculture (USDA), 2011]. However, current and historical guidance disallows the use of SNAP-Ed funds to pay for the basic tools and supplies needed to start or maintain a garden (USDA, 2011). Thankfully, the guidance for 2013 has been revised to allow for ''the purchase of seeds, plants, and small gardening tools and supplies to assist in developing school and community gardening projects '' (USDA, 2012) .
In addition to the upcoming changes in SNAP-Ed guidance, other positive signs for the school garden movement include the relatively recent funding of the Delta Garden Study and the People's Garden Project. We hope that national support for garden-based educational programs and research will continue and grow, and suggest that researchers refer to the work of Phibbs and Relf (2005) for a list of common problems encountered in garden-based research projects, as well as suggestions for improving research on youth garden projects. Fig. 3 . Impact of control, nutrition education, and gardening treatments on changes in consumption of (A) fruit and (B) vegetables. Plotted points are the cumulative effect size (E DD ), and bars represent upper and lower bias-corrected bootstrapped 95% confidence intervals (CIs). E ++ was calculated as: E DD =+ n i=1 wigi=+ n i=1 wi; where g i is the effect size for the ith study, and w i is the weight (reciprocal of the sampling variance) for the ith study. CIs were calculated for each E ++ from resampling tests generated from 999 iterations. When a CI intersects the zero line, the impact of a treatment is nonsignificant. Significant outcomes are marked with an asterisk (*).
